The near infrared spectroscopy (NIRS) has shown a rapid and accurate technique for evaluation of materials of biological origin. The objective of this study was to evaluate the ability of the near infrared (NIR) spectroscopy associated to the Principal Component Analysis (PCA) for the separation of carbonization processes and identification of the origin of the woods used in the carbonizations. Hence, the charcoal of seven species of Eucalyptus and twenty native species from the Cerrado (savannah) of Minas Gerais, Brazil were investigated. The Eucalyptus wood was carbonized in a laboratory furnace and in a 190 m 3 industrial rectangular kilns while the wood of native vegetation was carbonized only under laboratory conditions. The samples were grinded for NIR spectra acquirement. The NIR spectra were analyzed by PCA but no cluster were identified allowing discrimination between charcoal produced from native and from Eucalyptus wood. However, the cluster formed in the PCA when using the first derivative NIR spectra permitted to distinguish charcoal produced in different processes of carbonization. Two groups of data for charcoal produced in the industrial rectangular kilns were also observed, suggesting heterogeneity in the carbonization process.
INTRODUCTION
The carbonization of wood is the process of thermal decomposition of wood, occurring in the absence or presence of controlled quantities of oxygen, generating a solid residue called charcoal (WENZL, 1970) , and the generation of condensed and noncondensable gases. During this process the wood is subjected to the action of heat at relatively high temperatures, undergoing a transformation process in which all components are extensively modified .
The components modified during carbonization are from cellulose, hemicelluloses, lignin and extractives. The
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behavior of the chemical constituents of wood together with the factors leading to the carbonization process such as heating rate and final temperature should be evaluated for the best homogeneity of charcoal produced.
The chemical components of wood are degraded in different temperature ranges: hemicelluloses between 200 and 380°C, cellulose from 250 to 380°C and lignin between 180 and 900°C (GASPAROVIC et al., 2009) . Depending on the wood sample size, different temperature ranges can occur simultaneously and, depending on the volume and the oven, carbonization at different temperatures are found along the profile (TRUGILHO & SILVA, 2001) . Thus, one sample of wood can provide the degradation of different components at the same time.
Due to variations occurring during carbonization, the charcoal produced is a heterogeneous chemical compound and in some charcoal it is almost pure carbon, while in others it undergoes a partial carbonization process having significant amounts of oxygen and hydrogen (PINHEIRO et al., 2005) . Some studies evaluated the properties of charcoal as a function of final temperature and heating rate. Trugilho & Silva (2001) evaluated the influence of these parameters in Jatobá (Himenea courbaril) charcoal founding differences in fixed carbon, volatiles, ash and other yields, which depends on the final temperature of carbonization. Pinheiro et al. (2005) studied the influence of temperature and heating rate on the properties of charcoal from Eucalyptus and obtained difference in yields of gravity and fixed carbon content, and the optimum temperature of the carbonization process in the range from 300 to 450ºC for Eucalyptus and the slower process increased the yield in charcoal.
Charcoal with uniform properties is important when its use is intended for steel mill blast furnaces to produce metal or iron. Features such as the fixed carbon content, volatile matter, ash, moisture, density, porosity, compressive strength, particle size, reactivity and other limiting factors account for the operation of blast furnaces, since the coal during its use has the functions of a fuel element and reducer (SANTOS, 2008) . The chemical constituents of charcoal, fixed carbon and volatiles are used in processing iron-ore in metal or iron, and ash content of less than 1% is embedded in the metal producing impurity (SAMPAIO, 2004) .
Quality control analysis of charcoal used in blast furnaces is generally limited due to the large number of samples required, high sampling costs and slowness in obtaining results, making the characterization of the industrial charcoal technically and economically impractical . Hence, the energy industry requires new solutions for controlling the quality of their charcoal in order to maintain the same quality standard. A suitable technique for characterization a range of materials is near infrared (NIR) spectroscopy (BURNS & CIURCZAK, 2001 ). The technique is described by Pasquini (2003) as fast (one minute or less for analysis), non-destructive, applicable to any biological material, including online procedures and it requires minimum or no sample preparation. The association of NIR spectroscopy with multivariate analysis has allowed the study of quantitative and qualitative characteristics on a large scale of samples, covering sectors such as textile industry, fossil fuels, agriculture, food, pharmaceutical and forestry (TSUCHIKAWA, 2007) . In forestry researches, this technique has been used as a rapid tool for tree phenotyping in breeding programs (SCHIMLECK, 2008) . The main wood traits assessed by NIR spectroscopy are the chemical (SANTOS et al., 2009 ) and morphological properties (VIANA et al., 2009 ) and the wood density (HEIN et al., 2009a) due to their high cost for large-scale measurement.
In regard to the charcoal assessment by NIR spectroscopy, there are few works available in the literature. In Brazil, a work was conducted by Barcellos (2007) who assessed the fixed carbon content, volatiles and calorific value of charcoal produced from native species and the genus Eucalyptus by NIR spectroscopy. This author used multiple linear regression and obtained good correlation (0.83 to 0.97) between the properties determined in the laboratory and the spectral information in the charcoal measurements. evaluated the performance of NIR spectroscopy combined with multivariate models to estimate the levels of volatiles and fixed carbon of charcoal produced from Eucalyptus. The authors used the partial least squares regression to correlate the levels of volatiles and fixed carbon to the spectral information and found determination of prediction coefficients of 0.85 for volatiles levels and 0.86 for fixed carbon estimate. showed even more promising results when using more elaborate techniques, such as the selection of more informative wavelengths and application of spectral processing. The author evaluated the charcoal produced from 168 hybrids of Eucalyptus grandis and Eucalyptus urophylla and obtained predictive models with determination coefficient of 0.95 of volatile material content and 0.96 for fixed carbon Use of near infrared spectroscopy to distinguish ... content, indicating that NIR spectroscopy technique can be used to estimate, with accuracy, charcoal properties.
Based on the works of other industries it is believed that this technique has a wide range of applications to be explored for charcoal and energy industry. Just as in the pharmaceutical sector, which uses NIR spectroscopy combined with principal component analysis to identify false medicines (FRASSON SCAFI & PASQUINI, 2001 ) and in food industry, which uses these techniques to identify adultered fruit juice (TWOMEY et al., 2006) or adulterants in olive oil (WESLEY et al., 1996) , it is suspected that spectra principal component analysis in the near infrared region can be used in charcoal to distinguish species and carbonization processes. Considering the serious environmental problems caused by deforestation of native forests for illegal charcoal production, the application of this technique would be useful to monitor and assist the supervision of charcoal. Currently, there is no fast and safe method to classify and distinguish charcoal origin (wood from native or planted forest) and the process of carbonization which is, according to Mendes et al. (1982) , directly related to immediate charcoal chemistry, especially the fixed carbon levels and volatile material in charcoal Hence, the aim of this study was to evaluate the ability of Near Infrared Spectroscopy associated to the Principal Component Analysis (PCA) to discriminate the carbonization processes and identification of the origin of wood used in carbonization.
MATERIAL AND METHODS

Sampling
The charcoal used in this work was from Eucalyptus and native species produced by three different carbonization processes, namely: i) unknown -samples of charcoal were obtained from Eucalyptus in local commerce, produced by unknown processes of carbonization; ii) Industrial furnace -fifteen random samples of charcoal were removed from two industrial FR-190 rectangular kilns, which belong to Vallourec & Mannesmann (V&M) Florestal Ltda company, located in Paraopeba, Minas Gerais, Brazil. These industrial kilns are brick made and have nominal capacity to produce 190 cubic meters of charcoal. Their dimensions are 16 m x 4 m x 4.5 m in length, width and height respectively. As performed by Fávero et al. (2007) , Eucalyptus logs of 3.60 m in length were arranged in four logs piles, parallel to the longitudinal direction of the furnace and kiln. The complete cycle lasted 12 days, going through the steps of loading the logs, ignition, drying, carbonization, cooling and unloading, and after this 15 samples were taken randomly and iii) Laboratorylaboratory muffle furnace of the University Federal of Lavras (UFLA muffle furnace) -twenty native trees and seven Eucalyptus trees were used to produce charcoal in an electric furnace of the Biomass Energy Laboratory at the UFLA. There was collected one disk per tree at diameter breast heigh (1.3 meters from the soil) with longitudinal thickness of approximately 4.5 cm and variable diameter ( Table 1) .
Discs of native species were provided and identified by the "Minas Gerais Forest Inventory Project -Instituto Estadual de Florestas, MG -UFLA". Discs of Eucalyptus were collected from two trees felled on the campus of UFLA, another three trees were supplied by Gerdau company and other two trees supplied by V&M Florestal. From the discs opposite wedges were removed for carbonization. Table 1 shows the data for the samples of charcoal obtained in all cases.
Parameters of experimental carbonization -UFLA
The carbonizations were performed in electric muffle furnace adapted with a carbonization capsule as described by Trugilho et al. (2005) . The samples were subjected to the final temperature of 450°C with a heating rate of 10 °C/min, and there were two replicates for each species. The charcoal samples were then grinded; homogenized and taken to a climatic room with air temperature of 20°C ± 2°C and relative humidity of 60% ± 5% staying there until constant mass was obtained.
Acquisition of NIR spectra data
The acquisition of the NIR spectra was performed using a Bruker spectrometer (MPA model, Bruker Optik GmbH, Ettlingen, Germany), operating with its software (OPUS v. 4.2) . Fourier transform spectrometer is designed for reflectance analysis of solids with an integrating sphere. Spectral acquisition was performed in diffuse reflection mode in the 4,000 to 12,500 cm -1 range with a spectral resolution of 8 cm -1 . A sintered gold standard was used as background. Two NIR spectra were measured for each sample, each NIR spectrum representing an average of 64 readings. The NIR spectra were measured from samples of grinded charcoal. The spectral information was measured in a climatic room with temperature of 20°C ± 2°C and relative humidity of 60% ± 5%. Under these conditions, the equilibrium moisture content of charcoal samples was 12%. 
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Tabela 1 -Espécie das amostras carbonizadas, procedência, diâmetro dos discos em centímetros (Ø), processo de carbonização utilizado e número de amostras (n).
Principal component analysis parameters
NIR spectral differences were detected by means of Principal Component Analysis (PCA). PCA was determined with a maximum of twelve major components using the Unscrambler (CAMO AS, Norway) software version 9.7. The tests were verified by full cross-validation method. In order to suppress the noise and improve the quality of the signal, the pre-treatment of the first and second derivative were employed in spectral information. First derivatives (13-point filter and a second order Use of near infrared spectroscopy to distinguish ... 
Figura 1 -Espectros no infravermelho próximo de carvão e regiões de sobreposição e combinação das bandas de absorção.
polynomial) and second derivatives (25-point filter and a third order polynomial) were applied on the NIR spectra data using Savitzky & Golay (1964) algorithm. To detect anomalous samples the Student residual and leverage values plot were analyzed, as described in Hein et al. (2009a) . Samples rated as anomalous were not included in PCA. The Marten´s uncertainty test (WESTAD & MARTENS, 2000) was used to select the wavenumbers with significant loadings.
RESULTS AND DISCUSSION
NIR spectral information
NIR spectra measurement was performed in diffuse reflection mode, directly on the material. Figure 1 shows NIR absorption spectra for charcoal and the overlap and combination regions of the absorption bands. The spectra are presented in the range of 4,000 to 12,500 cm -1 and were acquired with a spectral resolution of 8 cm -1 . Notes on the first and third harmonic of the presence of absorption peaks are in Figure 1 . According to Giordanengo (2005) , the peaks indicated by arrows (Figure 1 ) correspond to carbon double bonds and connections with aromatic groups. The combinations and first overtone zones of NIR spectra of charcoal are represented mainly by noise and no information can be obtained.
Identification of charcoal from native forests and planted forests
NIR spectral differences between samples are easily visualized by means of two-dimensional scatter plot from Principal Component Analysis (HEIN et al., 2009b) . In this study, it was performed PCA in order to identify the samples of charcoal as its origin. Figure 2 shows the scores of principal component (PC) 1 and PC 2 from PCA of the raw spectra of charcoal samples from planted and native forests. For the spectra obtained from the original charcoal, two principal components explain 99% of the variability of the data analyzed, and 80% is explained by the PC 1 and 19% by PC 2. It was not possible to distinguish charcoal of planted forests from charcoal of native forests by means MONTEIRO, T. C. et al. 
Figura 2 -Gráfico bidimensional dos scores da PC1 e PC2 da análise dos componentes principais dos espectros originais das amostras de carvão proveniente de floresta plantada e nativa.
of the PCA of raw spectra. The strong colinearity of charcoal NIR spectra should play a major role on Principal Components Analysis hampering the findings and difficulting its interpretation.
Application of the first derivative on the raw spectral information can reduce the effect of inclination caused on the spectrum baseline (MARTENS & TORMOD, 1989) . Thus, the PCA was also performed on the derivative of the charcoal spectra, with the same aim of separating charcoal from native and planted forests by PCA scores graph. Figure 3 shows PCA scores of charcoal samples obtained on first derivative spectra.
For the first charcoal spectra derivative, two principal components explain only 17% of data variability, and 9% is explained by the PC 1 and 8% by the PC 2. The remaining 83% are explained by the components PC3 to PC12.
The application of spectral treatment resulted in a large reduction in the ability of PCA to capture the variation among samples (Figure 3) . The mathematical treatments on NIR spectra correct the differences in optical path of the light and the difference between the particle sizes of charcoal samples (GIORDANENGO, 2005) . For charcoal samples, the first derivative of NIR spectra did not improve the signal and, similarly to the raw NIR spectra (Figure 2) , it was not possible to distinguish charcoal of planted forests from that of native forests through the score plot of PC1 and PC2. Physical factors may have contributed to this phenomenon; for instance, differences of size between the particle of charcoal powder and its interaction with the light. It is known that sample preparation influences the information contained within the NIR spectra. Recently, Hein et al. (2010) demonstrated the effect of particle size of the wood powders on the NIR spectra and its implications on multivariate analysis.
Separation of carbonization processes
In order to separate the charcoal samples according to the carbonization process used, the same PCA was performed on the spectral information of charcoal samples. Figure 4 shows the principal component scores PC 1 and PC 2 from raw spectra PCA of charcoal samples produced by the three carbonization processes. Use of near infrared spectroscopy to distinguish ... For the spectra obtained from the original charcoal samples, similarly to the observed in the first analysis (Figure 2) , two principal components explained 99% of the analyzed data variability; in which PC 1 explain 89% and PC 2 explain 10% of the spectral variability. The charcoal samples have some uniformity and it is not possible to distinguish the carbonization process that originated samples by PCA of the raw spectra. However, the first charcoal spectra derivative was able to separate the charcoal samples according to the carbonization process. Figure 5 shows PCA analysis scores of the spectra processed by the first derivative. The first principal component (Figure 5 ), which explains 80% of the data variability, associated to the PC2 (19%), clearly segregates the charcoal produced by the industrial furnace (Group A) and the laboratory furnace (Group B). The charcoal produced at UFLA presented a well defined grouping because it was carried out in the laboratory under highly controlled process.
The grouping of samples from the industrial charcoal showed a scattering due to the factors inherent to the industrial furnace and raw material. According to Fávero et al. (2007) this process does not provide uniformity in the parameters of temperature and heating rate and others, due to geometric characteristics of the furnace and the wood bed. Pinheiro et al. (2005) comments that it is difficult to precisely control the speed of carbonization in industrial furnaces due to the gas flow field and internal temperature, and because the biomass characteristics such as humidity, diameter, length and position. Mendes et al. (1982) showed that the levels of fixed carbon and volatiles from charcoal vary with the place where the charcoal was produced inside the furnace. The same author also pointed out that the immediate chemistry of the charcoal is controlled, among other factors by the carbonization process. In our study, the carbonization process was considered as the responsible for the differences observed between groups A and B.
Samples of commercial charcoal, from planted forests, but with an unknown carbonization process were grouped among the charcoal produced in the laboratory furnace UFLA (Group B). It is important to note that this group includes charcoal produced from planted and native forests wood. Use of near infrared spectroscopy to distinguish ...
CONCLUSIONS
The results obtained in this experimental program suggest that the principal component analysis of the charcoal spectra -after pretreatment of the first derivativeis a promising technique in the evaluation of charcoal quality.
The technique was able to separate charcoal in two groups, according to carbonization process: industrial or laboratorial one. In regard to the industrial process, two groups were obtained probably due to the geometric characteristics and volume of the oven as well as the heterogeneity of the raw material.
It was not possible to detect the source of charcoal (from native or planted forest) by the principal components analysis of spectral information.
The results presented in this preliminary work indicate that the association of near infrared spectroscopy with multivariate techniques of qualitative analysis is promising to distinguish charcoal from information contained in near infrared spectrum. Therefore, further studies are required to generate a better understanding about these issues.
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